Background Bariatric surgery is indicated as the most effective treatment for morbid obesity; the Roux-en-Y gastric bypass (RYGB) is considered the procedure of choice. However, nutritional deficiency may occur in the postoperative period as a result of reduced gastric capacity and change in nutrients absorption in the gastrointestinal tract. The prescription of vitamin and mineral supplementation is a common practice after RYGB; however, it may not be sufficient to prevent micronutrient deficiencies. The aim of this study was to quantify the micronutrient intake in patients undergoing RYGB and verify if the intake of supplementation would be enough to prevent nutritional deficiencies. Methods The study was conducted on 60 patients submitted to RYGB. Anthropometric, analytical, and nutritional intake data were assessed preoperatively and 1 and 2 years postoperatively. The dietary intake was assessed using 24-h food recall; the values of micronutrients evaluated (vitamin B12, folic acid, iron, and calcium) were compared to the dietary reference intakes (DRI). Results There were significant differences (p<0.05) between excess weight loss at the first and second year (69.9±15.3 vs 9.6±62.9 %). In the first and second year after surgery, 93.3 and 94.1 % of the patients, respectively, took the supplements as prescribed. Micronutrient deficiencies were detected in the three evaluation periods. At the first year, there was a significant reduction (p<0.05) of B12, folic acid, and iron intake. Conclusions Despite taking vitamin and mineral supplementation, micronutrient deficiencies are common after RYGB. In the second year after surgery, micronutrient intake remains below the DRI.
Introduction
According to the National Institute for Health and Clinical Excellence, surgery is the best way to achieve and preserve a sustainable weight loss in the long term for individuals that suffer from class II [body mass index (BMI) ≥35 kg/m 2 ] and class III obesity (BMI ≥40 kg/m 2 ) and for those whose classical treatment of weight loss was not effective [1] . Bariatric surgery (BS) has been considered as the most effective treatment for classes III and II obesity when comorbidities occur [2] . Roux-en-Y gastric bypass (RYGB) is considered as the treatment of choice, currently being the most practiced one [3] . This technique involves restrictive mechanisms creating a small gastric reservoir that promotes early satiety and leading to a decrease of food intake and poor absorptive mechanisms resulting from exclusion of the distal part of the stomach, duodenum, and proximal jejunum. Weight loss observed after RYGB may also be explained by changes in gastrointestinal hormone production that influence the regulatory satiety mechanisms [3, 4] .
Despite the effective percentage of overweight loss (%EWL), this procedure causes drastic changes in eating habits and entails a high risk of nutritional deficiencies resulting from reduced gastric capacity and changed nutrients absorption along the gastrointestinal tract [5] [6] [7] . Weight loss is usually higher after performing poor absorptive procedures; however, nutritional deficiencies follow the same trend [8] . In the literature, the more described micronutrients deficiencies after RYGB include vitamin B12, iron, folic acid, calcium, and vitamin D [9] [10] [11] .
The prescription of vitamin and mineral supplementation is common after RYGB surgery, but there is no defined composition and dosage [5, 9] . The recommended supplementation may not be enough to prevent micronutrients deficiencies in the postoperative period [9] . After RYGB, a very careful monitoring is required in order to find and correct early nutritional deficiencies, avoiding the development of any other kind of complications [5, 8, 12] .
This study aimed to quantify the intake of micronutrients in patients that were submitted to RYGB, determine the micronutrients deficiencies, and verify if the recommended vitamin and mineral supplementation intake would be enough to prevent these nutritional deficiencies.
Materials and Methods
The data were collected by the author during nutrition assessments and from the clinical processes of patients submitted to RYGB in BaroClínica (Lisbon) and were accompanied by a multidisciplinary team for obesity surgical treatment. The summary of the patients' selection procedure, monitoring, evaluation, as well as the inclusion and exclusion criteria is described in Fig. 1 .
Anthropometric Assessment
The parameters used for anthropometric assessment were weight (in kilogram), height (in meter), BMI (in kilogram per square meter), waist circumference [WC (in centimeter)], and percentage of total body fat (%BF). Measurement of weight, height, and WC were performed according to the criteria defined by the World Health Organization (WHO) [13] . A medical analyzer of the body composition was used for weighting and measuring BF. The patients were weighted without shoes. A stadiometer was used to measure height. The %BF values obtained were compared with reference values recommended by Gallagher et al. [14] . The WC was measured with a circumference tape; and from the values obtained, the patients were classified relatively to the cardiovascular risk according to WHO's criteria [15] . To evaluate weight loss, %EWL was calculated according to Deitel et al. [16] using the formula: %EWL=[(preoperative weight−current weight)/ (preoperative weight−ideal weight)×100].
Analytical Assessment
The analytical values of micronutrients in study (vitamin B12, folic acid, iron, and calcium) were evaluated at 3 months, first year, and second year after surgery and classified according to the reference values from the respective clinical laboratory. Micronutrients selection was performed according to the most frequent nutritional deficiencies after surgery [9, 10] and the clinical analyses routinely requested by the surgeon.
Intake Assessment
The method used to estimate food intake was the 24-h food recall, applied by a dietitian, including food, snacks, and drinks, and not necessarily restricting to the last 24 h intake including a labor day and a not labor day [17] . The intake assessment contemplated energy, macronutrients, and micronutrients in study. Having into account protein intake, it was verified if the amount of protein intake per kilogram reached the minimal intake value recommended for adults, which corresponds to 0.8 g/kg [18] . The micronutrients intake was compared with the values of dietary reference intakes (DRI) [19] . The practice of an adequate frequency of daily meals (five to seven meals/day) was checked taking into account the range used by Lier et al. [20] . The taking of vitamin and mineral supplementation was verified at first and second year after surgery and the vitamin and mineral supplementation is prescribed to all the patients submitted to RYGB. The intake assessment did not take into account the composition and dosage of vitamin and mineral supplement.
Surgical Procedure
The malabsorption seen after RYGB is due to the exclusion of a small intestinal segment of the food transit (biliopancreatic loop) resulting in a segment of the small intestine between the stomach and the jejuno-jejunal anastomosis (feed loop). The most practiced bypass in BaroClinic presents a 100-cm biliopancreatic loop and a 150-cm feed loop.
Statistical Analyzes
The SPSS® program (Statistical Package for the Social Sciences), version 20, was used to make statistical analyzes. A descriptive analysis was made (mean, standard deviation, minimum, and maximum) to describe the behavior of the quantitative variables and frequency tables to the qualitative variables. To make the comparison of the various evaluation moments, nonparametric tests were used. The comparison of the anthropometric measures, analytical data, and nutritional intake between the different times were conducted through the application of the Friedman test. The Wilcoxon test was used in paired two samples to evaluate the %EWL differences between moments T1 and T2. p<α=0.05 was considered with significant statistical difference. Informed consent was obtained from all patients.
Results
From the 60 patients, 45 came to follow-up assessment 1 year after surgery and 17 came 2 years after surgery. This study included 60 patients, 65 % (n=39) females and 35 % (n=21) males. On the day of the surgery, they presented a mean of 41.9±12.2 years of age and a mean BMI of 42.3±6.7 kg/m 2 . At moment T0, 45 % (n=27) of the patients presented class II obesity and 55 % (n=33) class III obesity. The mean values of the anthropometric variables are described in Table 1 .
Anthropometric Assessment
By comparing the BMI in three moments, it was concluded that a significant reduction of BMI (p=0.000) between moments T0 and T1 occurred; however, an increase of the BMI mean values, although not significant (Table 1) , occurred from T1 to T2. Comparing WC between the three moments, it was concluded that a significant reduction of the WC mean values (p=0.000) occurred from moment T0 to T1, without significant changes after this time. It was found from the patients who came to follow-up assessment 2 years after surgery that they reverted to the cardiovascular risk with a WC mean reduction of 37.6±11.1 and 38.5±12.2 cm in the female and male gender, respectively (Table 1) . Comparing %BF between the three moments, it was concluded that from moments T0 to T1, a significant reduction of %BF (p=0.000) occurred. It was found that in male patients, the mean value was between the reference values at moment T1; a slight increase of this value was observed at T2. In female patients, a reduction of %BF over the 2 years (Table 1) was found.
When comparing the %EWL between T1 (69.9±15.3 %) and T2 (9.6±62.9 %), the existence of significant differences (p=0.004) was found. The %EWL total of 2 years was 72.9±17.4 %. At moment T1, 88 % (n=40) of patients presented a %EWL higher than 50 %. From 17 patients that come to follow-up assessment 2 years after surgery, 16 presented a %EWL higher from T0 to T1; only one patient presented a higher %EWL from T1 to T2. From the 17 evaluated patients at moment T2, 64.7 % (n=11) recovered with a mean of 2.8±2 kg weight in comparison with the weight value reached at T1, an observed trend to the weight regain in the second year after surgery. Nutritional Intake
There was a significant reduction of the total energetic value of moments T0 to T1 (p=0.000), while from T1 to T2 there was a significant increase of this value (p=0.030). The mean values of energy and macro-and micronutrients intake along the study are presented in Table 2 . When analyzing the amount of protein intake per kilogram, it was found that 62.2 % (n=28) and 29.4 % (n=5) of the patients did not reach the minimal goal at moments T1 and T2, respectively. Regarding B12 intake, a significant reduction from moments T0 to T1 (p=0.000) was observed; from T1 to T2, an intake increase, although not a significant one (Table 2) , was found. Of the patients, 15 % (n=9), 91.1 % (n=41), and 82.4 % (n=14) did not reach the B12 DRI at moments T0, T1, and T2, respectively.
There was a significant reduction of folic acid intake from moments T0 to T1 (p=0.002); from T1 to T2, an intake increase, although not a significant one (Table 2) , was found. Of the patients, 90 % (n=54) did not reach DRI of folic acid at moment T0; at T1 and T2, any patient reached DRI.
There was an observed significant reduction of iron intake from T0 to T1 (p=0.000); from T1 to T2, an intake increase, however not significant (Table 2) , was found. Of the patients, 45 % (n=27), 93.3 % (n=42), and 82.4 % (n=14) did not reach the iron DRI at moments T0, T1, and T2, respectively.
It was observed that there were no significant differences in the calcium intake between the three moments. However, the same trend was found of the remaining micronutrients with a reduction of intake mean values of calcium at moment T1 and an increase at T2 (Table 2 ) was observed. Of the patients, 56.7 % (n=34), 71.1 % (n=32), and 64.7 % (n=11) did not reach DRI at moments T0, T1, and T2, respectively.
It was found that 30 % (n=18), 44.4 % (n=20), and 41.2 % (n=7) of the patients did not reach their water needs at moments T0, T1, and T2, respectively. At T0, only 28.3 % (n=17) of the patients had an adequate frequency of daily 
Discussion
The BS success is defined by a loss of at least 50 % of the initial overweight and by keeping the achieved weight in the long term [22] . It is described in the literature that success occurs mainly between 18 and 24 months after surgery [22, 23] . Despite the excellent results of weight loss after RYGB, according to the literature, maintenance of weight occurs after this period of time; it may even be possible to regain some of the weight that was lost-this is a factor of concern after BS [23, 24] . In this study, the total %EWL mean seen at the end of second postoperative year (72.9±17.4 %) exceeds the range values pointed by Buchwald et al. [25] . At moment T1, a %EWL mean of 69.9±15.3 % was observed-a value which is near the one found by Blume et al. (77±18.2 %) [12] and the value found by Kruseman et al. (71.7±19.1 %) [26] . The patients that underwent RYGB through laparoscopy have been presenting values of %EWL between 67 and 77 % at the first postoperative year [3] ; the obtained value in this study is between the referred values. It was found that 88 % (n=40) of the patients at moment T1 presented a higher %EWL than 50 %; Lier et al. [20] found the same value (88 %). Despite the excellent results described by the literature on %EWL after RYGB, many studies have been confirming a trend to regain the weight lost 2 years after surgery [23, 27] -a similarity to what was checked in this study. A review of Turk et al. [28] revealed that contact with the multidisciplinary team is a determinant to have success and Kinzl et al. [29] verified that this contact decreases the risk of weight regain due to the persistency to change dietetic behavior and physical activity (PA) practice. It is suggested that a more frequent contact with patients during the second postoperative year could have encouraged the adhesion to changes in lifestyle and allowing to define more precise dietetic goals, namely about the food selection and nutritional quality. Weight regain can be related to less frequency of gastrointestinal symptomatology, solved food intolerance, and return to preoperative eating habits [22] ; being verified at the moments T1 to T2, a reduction of the percentage of patients had an adequate frequency of daily meals. Some authors point as causes the absence of regular PA, the gastrointestinal adaptation verified in the second postoperative year, the incorrect food selection, and the distension of the gastric reservoir [24, 30, 31] .
The mean value of energy intake at moment T1 (1,294.1± 175.4 kcal) approaches the obtained value by Kruseman et al. [26] (1,442±340 kcal). Both Kruseman et al. and Rossi et al. [32] referred to a trend to the energy intake increase over time; the same trend was observed in the present study and once at moment T2, a significant increase of the energy intake mean value (1,520.4±199.8 kcal) was observed. This increase of energy intake can be related with weight regain verified in the same moment. About the protein intake, a mean value intake of 0.8 g/kg was observed at moment T1, which means that in the first year after RYGB, 50 % of patients did not reach the minimum quantity of recommended protein per kilogram of weight. Many studies have indicated that protein intake must be encouraged in way that the patients can reach a minimal intake of 60 g/day [33] , a value found in this study at moment T2 (Table 2) .
Nutritional deficiencies are common after BS being related to reduced intake, food intolerances, and change in the nutrients absorption induced by anatomic-physiologic transformations of surgery [34] . Fifty percent of nutritional deficiencies Table 2 Mean values of energetic consumption, macronutrients and micronutrients in preoperative, first year, and second year of postoperative RYGB are observed in the first postoperative year [35] that corresponds to the period of significant reduction of food intake verified in this study. Despite patients with obesity ingesting excess energy, they may not be able to satisfy their micronutrients need once they select with frequency food with unbalanced nutritional value and high amount of lipids and simple sugar and miss vitamins, minerals, and other essential nutrients [36] . These facts demonstrate the importance of monitoring the analytical values and the micronutrients intake in the preoperative period in way to prevent or avoid the worsening of deficiencies after surgery.
B12 deficiency has been verified frequently after RYGB due to food restriction, acid secretion reduction, and decreased availability of intrinsic factor [37] . Values between 24 and 36 % have been documented to the prevalence of B12 deficiency 1 and 2 years after RYGB [38] . In this study, a prevalence of B12 deficiency of 27.3 % (n=12) and of 29.4 % (n=5) at moments T1 and T2, respectively, was found.
Folic acid deficiency is also a potential complication after BS, but is less frequent. Its main absorption site corresponds to the proximal portion of the small intestine; however, after RYGB, the absorption can take place along all the small intestine through an adaption mechanism; the deficiency of this nutrient results from reduced intake [39] . In fact, in this study, the presence of folic acid deficiency, accompanied by a high prevalence of patients that do not reach the DRI of this nutrient, is verified. The present study verified a prevalence of folic acid deficiency at moment T1 of 11.4 % (n=5), similar to the value found by Toh et al. (12 %) [40] . Some authors affirm that the low serum values of folic acid are due to the absence of taking the supplementation [41, 42] ; however, the same was not verified in this study since most of them were taking the recommended supplementation.
Iron deficiency is frequent in patients that underwent BS, particularly in women of childbearing age [43] ; iron deficiency can reach about 51 % of women in the postoperative period. These facts are considerable once women in childbearing age represent more than 80 % of the BS candidates [44] . At moment T1, the four patients that presented iron deficiency were women in childbearing age. What comes across the literature and to the verified intake values was that that none of these patients were able to reach iron DRI in the postoperative period. Iron deficiency may be due to food restriction, drastic reduction of hydrochloric acid production in the small gastric reservoir, and also to malabsorption once the duodenum and proximal jejunum are diverted from the path of the food after RYGB [37] . The mean value of iron intake verified at moment T1 (6.1±1.8 mg) approaches the value found by Ruz et al. (7±2.5 mg) [45] .
Calcium deficiency may result from reduced intake, reduced acidity in the gastric reservoir, and reduced absorption [37] . Brolin et al. [46] verified a prevalence of 10 % calcium deficiency 2 years after RYGB, while in the present study, at moment T2, none of the evaluated patients presented calcium deficiency.
At moment T2, an increase of energy and macro-and micronutrients intake ( Table 2 ) was found. This trend was also observed in the study of Ruz et al. [45] . These results seem to suggest that in the second year after RYGB, there is an adaptation of gastric capacity and consequent tolerance of higher food volumes, a fact that must be managed from the nutritional point of view to enable a right food selection that allows reaching the recommended quantities of essential nutrients.
Postoperative nutritional deficiencies can be avoided or corrected through monitoring analytical values, adequate food intake, and prescription of adequate supplementation [8] . Despite the majority of patients taking the recommended supplementation at moments T1 and T2, micronutrient deficiencies continued to be noted in the different evaluated moments suggesting that adhesion to the prescribed supplementation is not enough to suppress nutritional needs. Food intake must be optimized, with emphasis at moments T1 to T2, and analytical values must be frequently monitored. Gasteyger et al. [9] reached the exact same conclusion having verified that vitamin and mineral supplementation prescribed was not effective in preventing and treating nutritional deficiencies.
The weight regain observed in the second year after operation comes to reinforce that the BS does not constitute a definitive treatment. After the first postoperative year, an intake of greater volumes was found, which comprises the need of a more frequent nutritional follow up so that these patients can be capable of realizing the right food selection and enabling the intake of essential nutrients. Thus, there is a need to monitor and encourage folic acid ingestion and iron ingestion in women of childbearing age. With little attention in the literature, the need to monitor water intake is also observed since it will be more difficult to revert dehydration in these patients due to incapacity to ingest great quantity of fluids. A meticulous monitoring of the micronutrient analytical values and a special attention to the nutritional intake of these patients is suggested. More studies that allow the establishment of formal guidelines to the nutritional treatment after RYGB, namely about the vitamin and mineral supplementation, need to be realized.
